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Since the first notable condensation polymerization of dicyanovinyl monomer, 1 typically p-bis(1-chloro-2,2-dicyanovinyl)benzene (2) , several kinds of dicyanovinyl-containing polymers using 2 were reported by many researchers. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] Polyenaryloxynitriles could be produced by interfacial polymerization of 2 and aromatic diols. [12] [13] [14] [15] [16] [17] From the previous study on the dicyanovinyl-containing polymers, we obtained a series of poly(enamino-enaryloxynitriles)s by copolymerization of 2 with aromatic diamine and diphenol 18, 19 or interfacial polymerization of 2 with aliphatic amine-containing phenol monomers. 20 In this way, we could simultaneously incorporate enaminonitriles and enaryloxynitirles or arylate and amide units into polymer backbone to produce new poly(enamino-enaryloxynitriles) or poly(arylate-amide).
The dicyanovinylidine group (C=C(CN) 2 ) can be considered structurally equivalent to the carbonyl group in reactions where the two functional groups have similar inductive and resonance effects. 21 Thus, polyenaminonitriles and polyenaryloxynitriles can be considered analogous to polyamides and polyarylates.
This work deals with the preparation of tyrosine-based poly(enamino-enaryloxynitriles) and poly(arylate-amide) by reacting tyrosine with 2 and terephthaloyl chloride using interfacial polymerization, and the decarboxylation reaction followed by curing reaction.
Model (5) and Nbenzoyl-4-benzoyloxybenzyl glycine (6) were prepared by phase transfer reaction of tyrosine with 1-chloro-1-phenyl-2,2-dicyanoethene (1) and benzoyl chloride, respectively. The model reaction was based on a representative procedure for the interfacial technique using two phases solvent system. The reaction was nearly complete within 3 min to form the model compounds 5 and 6 at room temperature. After recrystallization, moderate yields of 5 and 6 were obtained after acidification as illustrated in Scheme 1.
In the ability as a conjugate base, alkyl amine (RNH 2 ) is similar to phenoxide. 22 Thus amino alkyl-containing phenol derivatives can be used as monomers for the poly(enaminoenaryloxynitriles) and poly(arylate-amide). The interfacial condensation polymerization of 2 and terephthaloyl chloride proceeded in the presence of a phase transfer agent in a twophases solvent system as shown in Scheme 2 and 3.
The polymerization results are summarized in Table 1 . The polymers obtained here were identified as poly(enaminoenaryloxynitriles) 7 and poly(arylate-amide) 8 by comparing IR and NMR spectra with those of model compound 5. In The spectral data of model compound 5 and 6 are consistent with the spectral data of corresponding polymers 7 and 8, respectively. Elemental analysis also supported the formation of the model compounds, and polymers 7 and 8 matched well with the calculated data.
Polymer 7 exhibited solubility in acetone, chloroform, THF, and 1,2-dimethoxyethane, and fairly good solubility in polar aprotic solvents such as NMP, DMF, DMSO and DMAc. But the polymer 8 was soluble only in polar aprotic solvents. Interestingly, polymer 7 dissolved in aqueous alkaline solution. The polymers 7 and 8 obtained from interfacial polymerization possessed inherent viscosity of 0.51 and 0.67 dL/g. Weight average molecular weights were 9250 and 12500 g/mol, respectively, as determined by gel permeation chromatography.
These polymers exhibited interesting thermal behavior as evidenced from Figure 2 and the data in Table II 20 which was verified by HPLC. Decarboxylation reaction was also confirmed using IR spectrum (Figure 1e and 1g ). The other model compound 6 underwent decarboxylation under the same condition to give 2-(p-benzoyloxyphenyl)ethylbenzamide.
The first endothermic peak on the DSC curve of polymer 7 corresponds to decarboxylation. CO 2 is evolved and the weight loss is ~18% calculated according to TGA traces (Figure 2d ). The chemical structure of resulting decomposition product is poly(enamino-enaryloxynitriles) 9, which is obtainable from 2 and tyramine (Figure 1b and 1c) as illustrated in Scheme 3. In the case of polymer 7, endothermic peak was followed by exothermic peak. After the decarboxylation reaction of polymer 7, the resulting polymer was cured thermally without splitting off volatile byproducts as shown in Figure 2 (d). The decarboxylation reaction was confirmed again using polymer 8 as shown in Scheme 4. The same thermal behavior was observed. The exothermic peak did not reappear upon cooling and rescanning the sample as shown in Figure 2c . When the polymers were heated at 300 o C in nitrogen atmosphere, the cured polymers became completely insoluble in solvents such as NMP and DMF even at an elevated temperature. The IR spectrum of the cured material indicated that the carbonyl band of carboxylic acid and nitrile band at 3380 and 2220 cm −l apparently decreased in intensity and peaks at 1560-1640 cm −l were broadened (Figure 1g ). These phenomena could be associated with changes of vinyl group, as well as nitrile groups to C=N caused by the curing reaction. The decarboxylation reaction assumed to proceed at a temperature of endotherm and followed by intramolecular cyclization or cross-linking of the dicyanovinyl group during heating at a temperature of the maximum exotherm. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] The cured poly(enamino-enaryloxynitriles) should have complex network structures.
Although the polymers possess an alkyl moiety, no melting endotherm was observed in DSC thermograms because of hydrogen bond between carboxylic acid groups. Polymer 8 derived from terephthaloyl chloride showed similar thermal behavior. The polymers began to lose weight at 251 o C in nitrogen. Thermal stability data are summarized in Table 2 and TGA traces in , and gave residual weight varying from 75.1 and 37.6% at 500 o C in nitrogen. Comparing with the poly(arylate-amide) 8, poly(enamino-aryloxynitriles) 7 showed improved thermal stability.
In conclusion, novel tyrosine-based poly(enamino-enaryloxynitriles) and poly(arylate-amide) were newly prepared by interfacial polymerization of tyrosine with 2 or terephthaloyl chloride. They showed an enhanced solubility in common organic solvents. Polymer 7 underwent thermal decarboxylation reaction followed by thermal curing reaction. 
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